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1. RESEARCH OBJECTIVES
A. INTRODUCTION

Small 'cde Irreuidaril ie, (of se\eral lliilr((k of miiitrs I() meter si/c located III thle F

Ia. cr friom 2011-f6011 kill Ili altilt udc art, of jut rve fri ilie phYsics point (of view andi are
iuilportault Iil produiingl ,f(,*t raii l.j I ii~l'll \siits \ aiii too lulderslaridl Ilic

ii 1,1a I ItIv II((. Ila iit I ., rte I it i Ilide for I hei r t_7 rt I It. ai wel\(.l a s Ithe stIa biIIIit it( d I ecaY (oftI he
irrt'ulartie. l'(lilibI(\ t Tm-t lk iirct((l Ili Ilic mii'oelliiig (of thle irregilarilies so Ithat

II (-\cal ie fo recastI a Il(i I ie( efctrcIs iIitIiit l/I.I

I'lie areas affected bYv iliese imrrgii Iarfi s wichel var V fr' n meter to) k i bllet er size are
sl~wibyIli ve o le igltI ric occurrenice Elf 'l~rifeuir ies il yars of high

sustim l numbers ( 19S9-19!) ( Fire- I ). HetowrtcesIi this illustration of global

pat Iern- (occur lit Ilie equlatimal minialy reglIbi (1 5-211 degrees from I lie magnet ic equator)
and~ 1 lie polar region. Ili t lie, polar regi a flight InI Ns!) showed full.\ sat urated (204 (MB
fauliiig fo~r 21 tof 21 houirs at 2511) Nlllz.

lrni t lie sYstc (I )iiI (If x\Cw Imiportalit (lelerloratlll (-all he obs)!-r~( Inl 11F- Irais-
iill SIMIIS aill lin satellite cominmiiicatiolis and niavigationl. lii thle eqidoorial regioni fading

ohu()serveh ()il all s vsI enis below .4 Gilz. '*'lle results will assist lin milIin iiing thle effect of
these F' layer Irregularities 1 hru the use of mnodulation t echiniques which take Into account
tie fading characteristics (of the medium. The extent of t he fading li hothI geographic anld
geon agllet ic coordinXlates antd its morphology as a fun ctionl of various pa ra met ers will assist
Ii warninig systems users when there will be problems with th le mnedium.

Thie natunre of thle Irregularities their origin. developmnt aTid decay are being studied
wvit i the objective to increase the understanding of their phYsics and morphology. W~ith the
unlderst anding of the lphysical processes and characteristics of thie irregularities. the fadinig
(bie to thle Irregularities could hie forecast atnd minimized. For this situdy we have emphasized
the coupling and decou pling of aurora] and sub-auroral F-layer irregularities.
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11. THE RESEARCH PROGRAM

hIn llrder iI imiiitarid the d ,viiamiics4 IIli(' ImP'1 i~ o(1(1II(f i(Ipii(5jir CI rregul arilIies ill

I li suii -aril mrid auiroral lalt irdes. a c(,ordiliated pllograni of opt ral.iincoherent seal icr

radar arid ra (ho obscrva t iis Was pr DpI se'd 'I lie geolliagriet I regiOnl (II C un plasse(- ,rei i

G;eomagne-tic Latitudes raniging from 30- 1o(iS,5 HFie si iIl utilized lie all-sky air-glio arid

atiroral ?ioniiliig s , ytenis (Of tIl 1lIiori lnIiversitv \(l~.le ionosp~heri c ()herva 1 .rY. the

Millstonle l1ull Incohetrent Scalier liadar lin \est fird.\lass. aiid] a chain of salellilc receiving

stat bus liI (;oose iav Labrador arid] il I lie vicijilty of flosion. Mass. as well as other

part ici pa Iinrg fo rci gi Iservatories li a proigramii designed '. st id y tlis gcommagict ic sector.

Ili addition in-sit 1 11iMeasiuremnenits of preciplia iig particles wcre examinied.

1 he ionlosphecric niiersclroiis available thlronigli the use of cooperative programTs l(inclde d

TABLE 1
LOCATION OF STATIONS

G;eographic G;eographiC

Latitude Longitude CL

G;oose- Fia v. Labrador (lieacon Satellite) 59:3 N 660 WV 70- 71'

liIale ,ev lia ,v. A ritaret ica ( lorrosori ne) 76JS 273 W 610

Sagai more Hill1 ( l3eacori Satellite) o " N 70W61 c

Goose 13a ,. Labrador (GOES 2) 4182 N 7 lit 60

Soliih list. I1K (lonosonde) 5 7 "N 70Wj

Sagarrore lull. MA, USA (COS 2) 3W N 7 W0 \ .3"

Slough. hI K (lorrosoride) 520 N 00 WV 5 1

Argentine Islands. Antarctica (lonosonide) 65'S 64 4

A series of pilot stuidies had indicated the exisi arce of stable aurora] red arcs (SA R

Arcs). auiroral emission. arid scinitillations inl thle region probed by the coordinated series of
experimnits. '[lite ultimaite goal was to obtain a working modl of irregularity formationl

anid deca ' vi lithe au rora] arid su b-auroral regions. Thel( quest ion was what were i he rneces-

sa ry con dit ions for the generation and( m ainit eriance of irregularities i ri the F region of tire

ionlOsphere at auroral and sub-auroral latitutdes. V ariouis instability Treclianisms as well as

lpreci pitali on have been proposedl for thle generatiion of Ihe i rregul a ri ties. To ind~erslarid thle

physics it was necessary to studY si mutnharcousIv I lie sub1-airroral and( aurrora] regionls.

111. THE RESEARCH STUDIES

A. THE RING CURRENT AND SUB-AURORAL F-LAYER IRREGULARI-
TIES

Frorri earlier si undies it wads clear that auroral F- layerlirregularity irrternsiiyoureewa

a fnincilin of solar filux arid miagnet ic acti vii v. Sub- airroral V- Laver i rregularity occurrence

('111( Ihe ii ri lersi oo d 1) \ ordcririg thle dar a li i)\it te wl ill( tinic dc(leeopnrit of tlie ring

cu rreri I dIiu ri rig a I'lla id ~i c si orrnr. I)irrinrg riiagrietic stoI rmns tIwo areas of i rregulha rrties exist.
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OIlC retlal lug 10, 1lie plasinapaulse anid thle sec4Ird it, Ilic aiirraI ()\-il. si raddlitg tIlie rniliTIIIIIiu

eleci run (lciisjty regioi (of t he 1trough.

Fu',r Ilic sill) aiirnral regin. wheni dai a are si airsil(all~y exalniiell. heire is, 11111c evidcec

fut The currclat loll of irregirlarilv ititeiisilY mid~ occulrrence as. a fiictioii of l\) except for

verY high Kx indices. III a lsi f specific periods irivOlviig inaagrietic stojrmis at sill- auroral

latitudies ( March i-lb. 1981 arid October 201-2.5. 1981) as oiiiliried Ii Aaroris. Gurgiolo. arid
k(l(ger. 1988 (Rhadio Science). it was niote( that high siih-aiir-(ral Irregirlarilv iierrsities were
o,erved duiirinrg hoth iThle gro wthI p ia sc aniid thre rect very pen iii of th limiiagnet ic storinis:
Ii I lie recovery phase I here was littic iagireli c act ivii v as shown lbV l\ ) values or local

ni agilet ogra ms. It is clear tilat duirinrg ill Iial ph ases Of si ron g inagnetic act i it v. t he region
ft f F-layer irregularities exitros lo whiat were -surb-alrroral lait rdes".

h-ja\.(r irregnlarit ies arc deeted ki a variety of tecliriqries iicidrgspreadl F froml

lMOnlIliles. sciritillation of radio I rarinissioils fromi I ranlimIl ers. arid il-sit i ohbservatiloris

by rOckel s anid saiellites. Scintillation and Morosonide (lata from several si al ions ratigilig

fr,(tn il 1 l-urrct((l V'4'TIIaVirIIIIC lath ide(I Iiihi oli eriiisplieres were used to shrow that
Ill Ii eiegv I r17 n grefi si rns sI ored iiiosl prokb 11 in H ie ririg currenit is a prina rv soiurce

Of ene](rgy\ for thle fOrinaljoi of F-laver irregularities at sub-auroral latitudi~es Ii Ihle region oIf

thle plasinapa use (durinrg thle recovery phase of a geornagnet ic st orn.

1,1C aC(1~cdmeasure of the ring urn other than that niadle 1)*y iii-situ prbs.i

hat of the l)sI Index. It is tle hourly mnagnitude of the normalized Iro)rizuril al conmponienit
of the EarthI~s niagrnetic field. as determined from data obtained fromi several low latitude

geoniagniet ic observatories well distri but ed inr lorngi tude. The l)sI inrdex does riot Include

localized effects: it smooths out some small-scale temporal changes. TFire ring.. current plasmia

contains several Ions species at many, energy levels. We used l)st because (of its availabiit v:
it is niot believed that all of the ions at all einergies are effective in produciiig sub-auroral

irregularities either directly or creating I lie necessarY condcitions for irregularity developierrt

but the index is readily available over mnanYy c'ars arid can be used ini conjuinctioni withI
ob~servatiorns made over long periods.

Using case studies and statistical anialyses of thle relationship b~etweeni [)st arid F-layer

irregularitY occurrence and intensity. we showed (Aarons and Rodger, 1989) that tile ring

current is air Important source for the energY needed to create conditions for the develop-

meriCT of sub-a uroral F-layer irregularities. Thris has been achieved by close examination of
two stu * dy periods concentrating especiallY uporn tire recovery phase of thle storm when ge-

ornragrietic activity as indicated Iv tihe I (or local Kx iagnetic) index has surbsided. Tire

coiceri trat ion of the statistical port ion of the research was onl thle si i Ia nt l I the behra vior

(of sub-aurroral irregularity intensity during tie recovery stages (of miagnet ic st orms anl( L)st.
We foun rd for examinple t hat thec corrcl at imii coeffi ciewi for 1INs against igirttime i rregrl a ri tv
index was tilie fol lowing:

Date Correlation Coefficient
Mayv 1981 06
September 1981 0.52
Novembiher 1986 17 1

I1



Similar statistical anal 'yses has lbeeii carried wot for 12 dilfe'rL'nt iri nt ls In I he p('rimi(
I9 I 1,* If (i. litegratedl sciitfillatloll ind~ex fr Ilit. tilgit wais correlated hoodi wil Ihe n(eari
list arid tlic niean KNp Index fo~r Ilie linic' peri.bl 21 1)(1-1191tih1 11 . Ii cases ei5'5(xcept 1 lie
')IlL' (Illi('i5c' below, a slat isticahlv sigiiiciiil rclat joi hlip w~as t baitied for I isi co~rrelation
anid I is w~as conisilt lY alplrccial. higher 1 hian Ihose foir I it( K 1) s't lidiy. Fhtr these saiiit*
tiilli s we hiave (omlpiled correlati cotfliciis for inilegraled sc('Ii illaltit Initenisity wih

1 lie change lit Ist bet weeri 2200~ and 1i90ii1 Ii for each night: we fomnd cotisistent lower
ceirrclationi c(cfhiciCits (0.111. 0t.1.1. anid 0.31 ).

A\1l ioigh the relatlinship between Ihle oeeiir-relie of siih-airioral ireuaii arid I )st
is slat isticallv ighly sigilficanii for pecriod(s when there Is miagnetic aivtwe hla\*e to
atldress 1 hic (pilst ii wliv It Is lit dperfect. 'I here Col d be two, funiidarn en ia re asons for Ilii.

h"irst . as a IreadY v nd1 icat ed. thec Indcex I )sl niav bie a good bill1 not ideal descriptor of the
rueit \arrat 'il of i lie eliergv t ranisfer fromt ilie ring current 1o I lie ionosphere at stillauroral

lait des. SeconldlY if I)St is low for a lparliCular mT11hi for exampille. ot her rtiechianiisrns fer
prid nicinrg i rreguh a ritI es mtax, be operative. ]it I lie- one case (-ited abovec Fla ver scintillationl
wkas of lowkk level atnd l)st sta '\ed( near 1hle zero level. O0lier ticdiariisltis \Ver(, operative for
pirmtticinrg low Initenisity V rregularities

I'he lpla sina nist abil ii acting at hiese sn V a irora I Iatli rdes hias not been u ruly deNi
fdiedi. We propose that thle ring current is thle iajo eIrg so refplmaiegaris

Ii tire F layer at sub-aniroral latitudes during the recov-erY period of a magnetic storm.

B. THE SEPTEMBER 1984 STUDY PERIOD AND MILLSTONE HILL OB-
SERVATIONS

1. Introduction

Thre period of September 17-21, 1984, the Equinox Transition Study lperiod, has a
p~lethora of geophysical conditions including very quiet periods as well as mnagnetic storms.
Th'le Nllsi onie Hill Ionospheric Radar was onl lie air with meridian scans for 24 hours for
eachl (Ia v . [heli _\Iillst one parameters obtained through the use of the Bostotn Utniversity data
processing color graphics allowed the plotting of elect ron termperature. elect ron densityv. anrd
iln velocity*N fromi 2.50N to 600 geographic latitudes thus encompassing the plasmapause and
lie auriroralI regions. TFhe satellite beacon observ-a t ions (6~ sources) hav-e trans-ionospheric
ntersectioris frout 390 geographic to 60W geographiic. '['lie dat a has been reduced. Joint

st udies withI the staff of lillst one hiave becen started. Th'le concept. is to see what were the
necessary conditions for the dev-elopinent (or ('onivect ion of irregularities. Sev-eral hiypot heses
were examnted for correlation (tf ionosphicI parameters atid scititillat ion.

2. Convection and scintillations at mnid-latitudes during storm- onset

Thle first paper on t hisstudy fron thled(at a setI was dev-eb ped bY Foster anrd .*aroris ( I 988s
rusitng the cotivectiori pat tern of \11illsionte Hill observ*ations. A. small mnagnietic stortn occurred

il Sep 1 9. 1981 withI I)st . Ihe rinrg cuirrent einergy mteasu1remntt. decreasinrg a brnpt ly lo -6(i17%

niea r 121101 (IF (07 LT). .Norm ally h ring cu rrerit sets ii p a shiiel dintg la aver. II owev-er thli
shieldinrg layer takes time to growv. W~e were able to show t ha t I lie tiagriet osplieric shiieldl ri
layver was coi ticident With t lie obIserved-( re-versal betwcer sin tward art ( anrlIisu riward ('oh\-ect it 'l*



Stoirmr etliaiice1 neuitral wVind~s at hltit rule. eqiualiir\arl o4 the sield lit'yer generate a long
lived Pert irblrat un lectric field lin thle innler magetocsphecre. lie sill) atiroral electric fiel 1

rq% as W. Ilie hi ofdi ni hroirdarY moves puileward. W~e d)iserved relatilvellv large 136 Ml Iz
s(1 Ilal*iiri iii h-ot Ill l irroral sunrwardl ci'rivect ion reti air(l thle rcioii (if sul)-atiroral
a it I sit witard l vc (iiCto 'I I IheI I lie conI Ivect torI vI elect Ic fields ecded In i.

Dunrinrg a iildleri chlarge li ring- current energy on Sep J9). t ie convxect ion lpattern arid
lie scii hat iori ( Illil be correlated. 'I'lie palttern (lrserved couildl Ire Isolatedl since night
cITI I IIlIit i 0,1 a td (,(,if d a I I(l sillce I ie cor)iect 114oi ptlIer It had( ret urued to Pit1s rioriial I no r IIg

Ic leveS. 'I" Ilie pre(SerTi cc 4f Ji 1 gli plasmlIa vel)cI lies \vas show m ii to be c( irrel at I dw IIt I 1 he occu rreirce
4f clilittllai II)i act ivilt . Wh len highi \eloci lies anrd a lighi grad ienit of velil ' v were riot ed Ont tlie

iii Co liereri t sca tier radIa r. sci ntill1at ionis were olbserved . XV herr lower v'elocitlies were recorded
ia tmiorninrg. scinitillatijons ceasedI. Two latitl rides in onec longitude region were probed. (if

((el. anid '-)3 (CGL.

IThis cornelat ion appears to hold for various peid li I he Sep 17-2-1 tline frame. Ini-
erise V- laYer I rregulIa ritlies are orbserved w hen t here is higli pl isma con vectin iiiii thle aurroralI

regrii duiring riragrietic sIlrnis Ili draft forni Is a paper by J1. ;\arori,. J.. Foir anid
A.S. R udger oni tis sribjeci lisinrg tilie Sep P 98-I data set. J1 region irreguilarlies Ihaye been
shown to arise from various inst abliity mrechaniismns. These processes occur unid~er different,
coniitioii5of iana iel i cactivity as well as ionrosphieri c para meters.iieIiferrgciid tirs

miagrnet](c activit VIniclurde st rength ii(f mnagnet ic activity, slow versus sude comm ilinenicemnt s.

lenigthI of lttlre of st ormr etc. "Ihel differing conidition s of Ionosphei(ric' anrd ternpo ral pa ramet ers
whicli murst be conisidlered include local time i f occ urrernce oif t he inagniet](-c activity. F' reioel i

con1duct i vIl . arid neutral atnmosphiere parameters ii p~lace at thle tinec of thle st orm.i

Iii liihis pa per wve Inivest igat ed a niumnber of ionospheric pa ra met ers obiserved withi the \l ill-
Stolle Hiill Inicoherent scatter rad(ar at thle two latit1udes where thle scinitill at ion observationis
allr] (Ilic soilnid(er d ala were t akeii We shall attenr ipt to shiowv that. at liiighIt Iii g con vject r y
vel ociI es. pl fi rr a r II v F- XX. a re correl at ed wit In irregul IaFt v occulrrenice.li I lie a b serce of IfI i
veloc Ities I.e. when tire electric field is lowv or whlen 1the I a ranrg di sco liInui t moves thIi i

lie pa li of(f olbser-al tIons, t here is a decrease of irregularity occu rrenice an iidrntenisi ty Ad di -
ti Miall v we siall point (rut tire a bsence of cond (it ion s unrrder wvIiichr ot her irieciratii."is would
Ila\-e ibeeii Operative. WVe havye examined tire mnagnet ograis. thle iiicohierent sca Itter data a nd~
thre irregrilanit v observations in detail for several magnet ic sto~rmns arid cont rast this with the
quiet coniditlions duirinrg one( night.

The difficulties in volvxed In uniiq nelvY ideritifYinrg a domniant mechiansii for thle creatiOnl
of instabilies is dire to many reasons. Inlire high lat iturde region thie decay of patches of

lie sirall scale irregularities is slow . \\'ill the exisu alce o1f a long (leca.\ tine it is difficult
to separate tire product ion of the i rregularit ies from thle convectioni of Irregularities inlo a
regron. With the possibilities of the small scale Irreguilarit ies beinig created by strurctured
precipi tartion of low energy elect ronls. gra vil 'v wavyes, air d va riorrs gradieiit an it Iemperat ure
related inrst ahi lit .y processes, it is dIifficul t to( sinrgle (fit oil(e iireciiaisin as t lie sole mecha nisinl
for tire producnt ion of] irregul ari ties. Thie pa per beinrg prepa redh has Isolated onef( of tie possible
rreeliaiisin s fo r the produiict ion of irregultriles. [Ire occulrren ce (if hiighr coinvectivye velocities
was correlated wit h the occunrrernce of F--layer I rregulr I it ies.

As S iiiwni bY Foster. cornvect ion data t akeni ,\-er a relativelY lonig period of tinie Iin

iris lonigi turde region inidica te thia t lower veloities are o bserved duirinrg mnagnretirc storms III

6



I Ilie ltw alImI( nitIrglII linte )cr I od for I It lilIs bet w~eeri wi-(i7..\ mninini Ili irregutlaritv
lititeisitY Is also, Shown III I lie Sieptembiler I9SI dlata as well as 'itIi th older rad'Io star duld
satellite ~c Ii I IIlati-nr (liagrainS. h-'(ster hia, (I tialified I Ie ef Fec It of iti rutIr IIn Ie 'ct v dtUi
h'eal tuliiiigl (Ilritig thec Ilaratig (liscoliirtt wvheti I lie coivectioli is, aniti-siriward and
soul liward. iBoulrdilloli ili 1 986 reported observing l:lave 7lrgula ri ties drin i, a period
of hi gli vel )cily west ward flbow before millnigh t Iegap Iiudsif:I- we a
stilst''rn started1: thiis was iierlpretedl to, be I li( signa iure of a stib-aiiroral in drift.

I'liere are, manY mcrcliarismii pro'posed for (realiug 1 he L ~rirregirlarit les alt ioigli FxB
aii(l ciurrent cotivctive inst ablIiji eclatiisnis are( 1 hose examitied Iii (lelail 1).\ thlerteticianis
Ii l1i fi eld(. I heire havxe bweti sggest i'iti hat diffulse precipitlation ]i Iec auroral regioti
(44t1d (lestabilize anlII inrlroI'gts plasmIa iraVilig t lie elect ron (lelsitY grad(ient nlorthward
perpenid(i cula r to a (t iiiponreiiI (f thle miiaginet]ic field .. A1 aiuroral la ti I udes thli preci pitat.ioni

\\mildl Ipr4 .du ite highecr electI ri 411CIperatlire Ili t lie regioni a nd1 lie elect roii (1(11511 v would
shw(ecrecasinrg valrres t''watds thle polar region1. ()n o)tie nright. Sepj 22-23. we (-ati notted a

Ic increcase with scititillat in actilviliv and at lowerinig oif Ne . Anlther iiiechatiistr thai has
been, ptupio-ed andiIl tat has, ,liwwn evidence of producing irregili ilc Is t hat 4 at stronpig
\eh 4criv shtea r. Ili lhe iiidirighi Itime perl (1d of Sep 22-23 shiears were oitserved 6et weeti
igher atid lower latitudes withI high velocities both north arid soiuthi of \1illstoiie Hill; high

level scli itill ations were recordled Scinttillation acti vitv ihas also beeni associated wit I elect ron
de(ti Sit v blobs which hrave total electronl coi t enit of several times thle ailient ionosphere ini
Ile same region.

Iliese mechiatnisms are cert ainily operative under various cotidi t ous. However wit hiii this
liitted da-t a set of Sept embler 1 7-21, 1984 thle most common i nit iati ng parannieter is a high
1lastfla velocity. Iii thle st udy we note that the high velocities are primarilY F I-\\ although
here is no data Ii tihis set of observat ions to*iridicate that Ii igh V -S velocities would riot

p~roduice tire instabilitY contdit ions niecessary for irregularities to (develop.

C. SAR ARCS, RED LINE AURORA, AND SCINTILLATION
1. Introduction

O pt ical observatIion s are being t akerr Iy Bost on VI niversity on( a long t erni basis at MIfl -
Stonle Hiill withI semi -remote control . Sci nt ill at ion and ionosorr (I data are obt ainriablIe for thle
periods when Millstorne 11ill was rurnning for specific arid lenrgth .v cam paignis. Several periods
are nowv a vailable when S AR arcs and (other evenis occunrred: these data are beinrg reduced.

Through a. range of observations. F layer irregularities at auroPral arid sub-airroral lati-
1 rdes have been associatedl withI reI ]tle atiroras anid with S :\ a rcs at plasriaiause lat itud~es.
Thle ob~serva tions hnave for the miost part been 1 osel 'v liniked i.e. thle occuIirrenice of ilie two F
lay' er phienir uerra has b~een associa ted. It i.s th piu112rpose oft Irlis nrote to loo14k at tilIe details of
tlie development oif t he 1 wo phenomena iii res ponse to 4tlie- Inrject ion air( I tie recovery phase
oif iragniel i sto rmts.

'Ilre S,\ H .\ rcs Iiavxe been a sso~cia t ed wil t I hcli ri ng cuirrent . 'I hei r d iserval Ii'or however
has 'ccunrred dinig timres whlen mtagnet ic litict rai 4n1s are iiitcemse as well as when riragrirC
act ivilv Is rel at ivelv quiet. When tire mnagnretic fhrict ations were si roung during- the Oct
2(0-2 1. 198 1 st, ud(1. emiissioni at 6300( :\ was noted-( at a uroralI a nd sinlb- a Itr4ra IIati ti des. How-
ever duiirinrg tihe recovery 1)11ase thle S A H a rcs are freq(it I l) prated fron4ti aurroral optical



eI..111sot ilitct ile' bY I It(- irtler (if st-vtral iltgrtes.

11t1 flie dit of the papier being dev(-loptd 1to V.1k at the devkiopmeuit 4f llie SAHl arcs aiid

6i31111 A annrra aid i ctirelale I lle oyt Wa dalat \NiltI scuill illtl ion aetivily near (ir I lirwiih

It i yil jIcal II)at '~I( I -

2. The Periods Studied

)bSrvT\ i ilP, fromi (;i-lSe liav. Lalitlir anid fri,;i Ilaliseilmi Air F-ore Base (N\l.A) ialhiwet
ilol l iing of lrrt-gitlaril \ dtevelii pnitl part euulari v fur I lie 1)t-rit(l( A\pril 19-22. 198-5 %vhen a
mlagnet ic st irIlt tlevcIiletl andi when th limiagruetit lield rciivered . Dunring the opt ical eveuul s
red lmin leilvt t-xtenidtd to 39 N. AI I lie Ililersettioji if boith FLTSATCONM Wesi anld
C ;V) S tI here \vas rted lilt(, jull eisil v and a Itighl et- of scintillation part iula rlY at 0230 VlIi

Il ilie reeovtr': plasc of i( lie ag-netic sliirmr \\-iltI S.\ are levels retluced front klo(
ravlt-igli hi .701- I l11i Havleighs I lie intelsliy of ilie irregiulariles was redliied. Observationis
anti anialvMi were rehiorild ]in leidillii(1 I lI9S. Iliesc (data wIll be in1corporated lit( the
it a 1l -r -I ml d\.

Att it penlm in tder slit ] cent eretd a llowi a macriiet i sit int wiith gradtita cornitten ce-

iniii whicith look place the night of Nov 2-:3. l9SS. It reachecd a .5- level 04~-21U then
gyratlnali d tecreased.

For i lie magnetic stormn niight. the SAR arc- hovered over fit li ntersectionl o thle path of
G FIS. [Ilie- SAR arc was very strong; thli scintillat ions were sal urated at 1:37 M Liz. Oni this
nlight thev lust gioo SA R arc was at 0.53S VT b)II scintillations lasled uill 019 IT.

Thie tiext t i gi 1 when the i magnet ic a (Ii vilv hadu died downi a red arc couild he inil ed iM

the North. Good dat a was available (1233 arid 07T21s but liti S;\H arc was not ed at the lat it ride
of the GO(ES Sagarnore 111l jIntersec-tion. I li,wever scinutillatitin was strong of -9 UiT.

It is (clear that with thle form atlion tof I lie S :\R arc onl Nov 3rd thlire was coloca t ron

of the arc arid scinil illat ion palth irreglarities. However onl the( Nov -1thI when IDst was
prthahl 'v high huit Kp) wit, low. onlv irregularities were prodlicetl ill the region. Ili suniniarY
there are in dic(at itons of thle cl1assic(a I iiIia 1 phases of I lie inaguielic stormi resuilting ]in a S A

arc ali(l i rregilari ties. However dutrinig this recotvery period con ditiojns were sujch that ord v

rregularities weeproduced, ini all likelihotid 1w rin curn dcv
A\ thirtd period under stud * is thfat tif Oct 10t- 13. 1 98S. For this period there was a

rIagn. Ii ( sI (im on one night and inI addilIion oni next inightI low lev-els of magnet ic acti vi lY
withI high levels of scintillation activity at sith-aulroral latit uiles. However lDst data is nt

avalable as oif the Writing Of tis report. Oct ober 12 seems like the recovery period witlh a

gtitid Jpicit ire of aurora separated from SA H arc.

A* seri es of ot her good opt IcalI observatI is (cl oud(Is aid t lie presen ce of thle moon decrease
he nt( umi iber of good S A R a rc observatII ins ) i s to be st i d Ied. A it Iin iti al sum m ary of t hie va ri ouls

mtorphology pall ernis seen ili SA H events was piireited bY Baumngardiner. Nottingham. arid
M enii(lbo. 1989.

I'relinriniarv cotrrelat ions indicatei that alt hotglo SA H arcs andi F-layer irregularities at
sri b-a iiiroralII lit udtes are inl general correlated, th lieltailed (-trrel ation c-al Oi(ft en be a hseti t
There are- pe-riods when the in ten sitY v f s(cint iIlatini was very, well correl ated w\i I redlIiltie Inl

tensitY and othier periods which scinltillat ion (ci(-lr(d (luriIng nigigts when SA P arcs ociii-tredl
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but I lie del aled tt~rrCl4 %%'i' ab ilsenit. Hie >ttiircc (I lie( rinjg ciirrerit ur airtoral elfee-ts ) riia~v
Ictt'ilt. ' alin' hill litv rnecliaiirisri anid I lie rltces arvy ari I -iiff I ciitI c(oi I II,,I(ms ft fr 1)rt )dit '10r1

f r( d in Iit I, vI\ t'l aiid( f, rI I lie gt'rtitrat ju I avi i er I rrn iuaIi it'Is! iiiiit,I( difer.

D. MAGNETIC STORM DE% ELOPMENT AT AURORAL AND

SUB-AURORAL LATITUDES

1. Introduction

Iti ttrler to 1 )it Ilict t'a~ aid statist ical sli tihs Ill useattle frrii. a iIio(Icl Is lbt'iig dl'elttl)('t
tlat \%III describe i lie FIlay er irregrularities as, 1 hey ('('cur duringa a mnagnet ic stormi arlil \61iii

lic recct ver I f1lit rifig ciirret Voin tlie aurPal anti slil-atiroral laitiudes. I lie muodel thiat
beig vailidaited starts, (,it I lie daY (tf the nit igidielc st 'mi . O )ver a pe ttd Of sev-eral hiours ill

itc case uf ii,(lralc stttriiis I lie irregilarMt regiOn spreatis eq(at)rwvartk losig Its streligt Ii
toil affecltmii' rttnt 'it Ilie 1'.S. below I lie \Vaslilirgttu. l).C. area for examiple. If thie storml

sltr 1*%t't. (,tt Ii' iiext day\ thre oftn is eitergv i the rin cretas liwil)tlt

1)-i undt's iint r li art affect l t lit i il-atirural auitl ltwerV aitoral rtuzuis.\ l d raniiut

-f J ,l(-trv\-t tiis we,(re used.- WitIli sOutiTier iTeasureinrens. Mr-sit i eniergetic lparticle satelllte
tibservat otis. scjnitillat is. arid SA \R arc ttlser\yatItiis wvecould 11)0k attetieleloitt
4, i rregitIa ri ties duii ig several miagnetic st oru s. .A i earl v versin Of Ili s sItudY is given Inl

lie :\ (; U 1~) pa per p resenited i \1tiicli. Gerniii ry aid 1)Ublishied I)\ AG: R) ( 1989). Th'le
(tat a set inc tided Observ-alins fromn Ni rinta bY L.. Kerslev of thle Viii versi t\v Ct Ilege of Wales.

2. Origins of sub-auroral irregularities during the growth phase of a storm

l)iirinig periods of icreased geonragiiet ic act]-l i Iivtlie electric field at rnid-latitudes ca.,
lie en ia ii(ced I)% a Tiuii ner of miechianism~s. A\s t lie lev'el of (list urba rice iiicreases. thle two-cell
iono~sphecric ettvctonpattIerrn (1riyeni bYv t ie magnietos l~hiri c electric field ex paiids to low
hat itudes, resulitrig ili etranced sunward con vectilou at p)rev(iusly\ sub aurora] latitudes.

l)urng t Irie inflectioni l)lrase oif the miagnietic storm'1. thle aurtora] effects irictrdirig VFlayer
irregularity intrstex paird to Itwver latit les. IisOfar as thre occurrence ari(l itntyof

I-leri rregula ritlies are coiiceriied tfhey tifteii ('xt end 1t0 5W: corrected geomiagnietic lati tide.
'I'lie t tntset arid earl Vlvels of F-Ia yen i rregulIa ritit's at tatitri des belowA thle an rt ra I region tliri rig
liis p)lia st t-f Irie rniagniet i' sI orr imay be dule to eiher t lie dIirect actilon of a it electric field.

erierget ic particle pre('iIpit atiorii or the format it ii of i rregil a ri ties at Itigher l at itutdes arid their
si] lsejuteri 1 raisport to lowver tat ituides. 11ri rig thie rnagriet ic stormn. thle electric fields art d
Iii gli cort ect itn vetIoci ties probalY play a rol tl('ii lpr)(l rci g t he coidlition s for itist abl ie's

frrrt autroral to siil-atirtral laitudes. 'Fitis wvOuld accouit ftor the, irregularity activity- oti tlie
first (laY of thie niagnetic storrrr.

3. Dst and the recovery period

Tic st orage as J)('ts tof tire ri rig t'irrtit s I. trig recot'rv a y alowv for effects oil the i rregm -

Ia ri ties i ri t he F I a\ver at sri Va iirtral lIatitudes. I'lhe sit rage effects. wichi take place inl tlit'

st'COIid arrll at timeIs ttnr tlet tirtl daY after t lit' iitial injction 1)h~aSt' Of theC rtagileti(' stttritt.
are olbserv-et tinrilrig rtl\ Ii l qtie it lwro~d t( f in agrit acl't ivItY.



WillIi thle undeltrstaninig of I li devel'iprii (of irrtgiilaritit-s uiirrrig rliagnlic storii. oi
\kil he1CaI ideiy '~vqsl 1t. plsi fltil)n~s cNr fth iiaaion 4

IhfteTrrZidi ;('' i llct 1 a Ii( \\ illk ic \Yiil titrgv is, I raii~ftrred fromr I lie rilig cuirrent~ init,' I he(
pk iili a at I- Vegai-I alt 1iidets.

E. AURORAL TO EQUATORIAL F-LAYER IRREGULARITIES DURING
MAGNETIC STORMS

Ili Octobier i9 . V~ N.lalarijoiried us from) India for a 3~ iioith periotd. His task
\Vas to) organize dala onl a series of rlaoeic sto)rms- during I lie slar liiaxilnun flux perio d
if Sep I 19NvI S.I8. FIlie data set hail b~een reduiced 1 ' v J. :\arolis. .\ pac showing
I ii" ciphngi( of cquatorial arid auroral ees had already' been publishied iii I lie Proceedings
(of t lie Ionospheric Fffeci s S~iiiposiiri hill t t' paper had liol beeni subiifInted as a imirnal

paer lit, cohicept was Ito expianI ite dala ba. c

I lie effts Qf magnetic siriiin phlast, oii F laver irregularities Kroml auroral t" equatoral
hit tliles, iii a nearly etmstanit Xkesterii lorigit iitl /onel( were outlined 1)i'v cnisidcriiig, stint il
at (itl. s"ireatt I.. aiitl ow c'iitrgv elecl roi prt'cipitalioi (data for five muagnietic stormis I fiat
'((II rreol diiri iig tWit high Woar flux perit)(l Sept em lwr N ovenibr 14M. T he edcs w Ii cl

are tlifft'rtrt in 1n lieetualorial anid high latitudle regions art' found to diependitilt only onl Ilit'
phai~ses of thle stoNiis 1)11 also oi teir intelisity' anid duration.

lIn thie equatoral rtegion. F layer irregularities are genlerally iiihibited duiriiig thlit injetiona
phaIi a nrd tearly pa rt of Iii t rt'covry pha se i rr(esp~ctivte o4 thlit t imte (4 start of rticoverv, .
Ii-rgm a ri tis a rt founid to reappear duriing thle recovry )hia.se whe Iitri st falls below about
-750ii anid coiitiiite up to sunirise on thle first ligl arnd wel beyond potmidniight on it'
s'conid night Am ' rt'a pparance. Even (jurn g the rt'covery phase. irregularities are found to
be suppressed if t ht'r is a negative slope ini thit l)st variation. lIn one case of a modl(rat,
slitrni wkit i mai ii v fi i('tiiat itits in I st in t he i 'iject~ ph1)1aste. st rot'g ir-regularities are obse'rvted
from~t eveninrg t () wtellI beyond un rse d uring this ti me.

Ili the hig glIat ituide rt'gion . F-I ayvtr irregularities art' found to he generated at t it' waoral
latit udte duriiig th lit'iijt'ction phase'. It'e sI rtngti aind dliiat ion oif which wary wit i te iilin-
sitv and~ duration of the magnetic activity. WithI th lideI(velopnment of the Tmagnetic stom
the coniditionis which I:oduce' F-lavt'r irrt'giilarit its dt'sterid to what hiad be(en sri a u rral
latitudes. lIng Ihe recovery pliast' wi h low magnetic activitvYAnd low irittnsitv auroral
rregulari tites, we found low-t'nergy vletri ii r(ldlitti occurrinig acrtiss subauroral regionis

ac'cordiiig to [)E-2 data. Rlelatively stirolig F~ layer i r rtguIa ri tit's were. found Wit i the sula iirora I
rtgkoris I )i r rg the re'covery phlaste F-laer ilrroguii i tks at very low WtKtl art' observted o'vt'ri
down to :30 magnetic latitude.

Mu ch research has been done on thit t'tt'' (f iiiagri'tic act ivi ty on 11 layter i rtguilari it's
at aunroal arid ai equatorial latitudt's V\ high lathiiudts a rteview of fIt' data indicattes a
rat her tcomplex pict urte with a steastonal. hai i dirial anid Itirgit rdirial tdepenidenrcte. Ili most
(of nlit' st udies . th lit'(a1a art' airal'vztd b' vt milinig into mnagnit'ically distuirbedt antd quiet days
detpend~ing toi whetheitr tIrec 'um (of Np (or :%p is grealt-r t han or ltess t han a piarticuilar valuit.
lHo wever thle tfeci s oif mnagntti c storms ton 1 rt'gitoni i rrt'giiIa ritits iiiidtoul1) tdly dt't'i ifoni
I lit ph ases of t lie slorms. F'or a part itciular obstervinig poit iithlis nlita us a tcorrtela tiorn of thlit
Wed''cs of sttirrm developmenit as a f'unction of local0 nu' iis has btetn shown to It aun~y
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Iru lt'i the( 'tse, if total elect ronl ('titcfi lt aiiie froim satellite observations. Ili l lie case 4f
t'q naIt In i I F I i vcr I rre-giIa rit ics severalI si lidles I ha ve ihowil (tifrreltoiwtI hepaeo i

.iori1i. I n'ct I itlies were litiiied ito t list- oif data fromi eIt her equial orial or Itigh lalit1 ile
Fr 'Itit'1,: IllO the in"IIoii 1 dv we have attiIied t( sIf St 1d1 ieI effeCtS of Tiiaglietic 5tt~rli

1 iasc, ill a lot scale. ile dat a b~ase i~iclidtld I hose olistrvatitiis fromn statioins listed III
lalIe I andi .)I It('i'5 all equial irial hit it notles along at liitrIv (-(,list a it IwestIern lotigit I udc Z'rie.
IHie (la are( rco.rdigs takeni (lmig bye( iiagiiet it stIo(rmts I IhIatI ticci rretl during i I ighI
-I at r acli Ii I V I t erloIlt- (if ScI t'Iili b r- N .veiibetr I R. ctsiilt s fromIl a it ea rlIIer ania l's Is oft Illree

addit 1oiial nIa-mtI Ic stoI Ill this period oIf high solar flux have b~een re'exainiedl ad are
inii(l-piiraldt( lit' I li(- (Ouiclilis. [t)W-eliCTgV elctroll pI-rcipitatioii recorded by tOlie l)1K2
-a Ie( lIt . .II Iiat ttetoIv ()(_rauIis. anid Dl and( Kp Indices arc also used for lie sindvy.

I lie reslts i hatI emerge f ront t bis 'servat IIons Iin d IcatIe I ht Ie( effect s o f riiagulet ic
-torii plai'~ in I- regi'iim irregi ilarities ili tli(-equiporial and high latittide regions depenid
Inot oiif n11 tile pha 1 tses -of t lie sti (rmis hu It aso on mi hei)r I it Ienis Itv ani Id diuration.

)im oif' thei 1e ,hriiis studied, Ii liree cases having long duration malin phases. se ijt_
1Ialil 01- IT-i Itw 'q iiat. rial reglim i are find i i bc iIidtdtIurn ug the ma in phase, a l

eairly% lart of Ilie recoxvrv phases. l),l values diuriiig lie mai Phases when Sc-ittlllatioTIS

%%ere, iltibited(-( are below -0TIl i all tiree cases. Iii (lit( case of anl intenIse StoTM hlav'ing a
Jlirt ditration miaini phase. equatorial sciritillatiins present during the initial positive phase
a re SII)It 7C'S Soed from a high level oIf :30 dIB to a low level of 2 dIli (luring the Inijectioni phase
when DIt falls below about -.51iil. Ili a moderatelv severe storm withi Dst showing Strotig
fluitiatilons Iii level liit ihe main phiase. high level scititillatiouts were tilbservedl dutrinig thle

cvcin 1(,ei clI beyond sunrise at t ie equaltor.

lie(fslart of t ie recovery 1ph1ase was f~ iiiid to) havye nio effect oni the eq iiat rial I"
regitin imrrgiilarit ies. Irregularities are found to rea ppear during the recovery phiase of the
sit ntis whlen D st rises above about -75nT. Once ie( i rreguilarit ies rea ppear. t hey are st rotig
and ia-c founid ito,'itlu up to Sunrise onl the( first tiighit and beyond postniidiiight on tilie

sectid itigl.it however. I ilense I rregularitiles cauisi ng sc'iuitidllatiotis i ii I. andl arenrot geiierallv
ibserved be x ottd in ight Ii tile equnatotrial am-a ni av regit n Eveni after rea ppea ranuce. the
rregil a ri tes are f.iiinl to be suppressed againi (inI tflirt-( cases) when there were negative

s I Ipe inTleI)tvar ti . Ihere are Inici~i(at ins to show t hat Inhliibi tion of equatorial
i rretguIa ri ties ,ce ii r hiave a localized comntponen t wvhiiclh affect their gent'ratili

Inli Ii high Ilat itud (e regions. st ron g 5('iiti Ila tions are observed at thie airoral i lterse('t iou
diirimp righe mnainm phma se of all the livye sI ormnis, st renili and dI(uration of thle activ~itY v \arly ilg
w\lit Iihe i ittensi tY an rduinrat ion oIf thle ph ase. Irregularities (sciniitillat ions and spr'eadl F
ext.iirsi is) i~served tin tie( s ubaitrira 1 regions dii i ig thle injection phase are weak (ilpa red
toi those at tlie auiroral latitude and are observed getierall y after midniight. Duriing thle
reci ive(ry , Ii pase. w ien -i Irregiula ri ties at flie auiiroral a lit ude become weak bo0th )it st remigi
andotIlirat ion. III general. irregulari es iii tihe stilatiroral latitudes are found to be stronger
Iliau imhse observecd during t it'- riairi phase. I hiere are two cases xilli strong irregimlarit iCs
Ii tlit' Suimalrral latituldes amid low li-vel irr(gtilariis iii the auroral latit udes duriing t it.

reot'vJlia~t'. Wetak stlint iliatIimis itere alst, tibs('rved around 3W"~ rnlagrteti(' latitud idliriitg
post inidumglim hours dumrinug thle retv'vphase if three (If lie st orms foir whli ch data a rt

Mlagitet * gramiis taken bY t lie :\ -C I. Tiiaglit'iortit tr net works slit i activity diurinhg thle



)Iiai 11 phase. arid I ttle activit v (lIIi-ng thec reeiiverY phiase of all 1 te stortis. at it rditial extNtCI
oif low etiergv leIss t hall 12 c\ ) elIectI r(l )prvi p Iit at Ioil. Ii geie ralI. is a bove Irhe silb a iroral
I it ersec14it ) ( 111.11i ( i iI I I rIa it IllpI ase. blt w I ie iit I- r a I I iteIrseeIt(,, i t aitd crosses the i sutiIa ut roral
itiiersecl (ii iiri Ii th le recoverv phase. Irregiularilcs o)servedl IIiI lie sithariroral laiit ides
during th li ain phase are produced l)\' v ili e tvelop~lieciit of ti(e mragrietic stormn with eithecr
conidit ions nieeessarv f, 'r I lie generationt of thc iregularities (le-sceninrg to lower latitudes or
I liw irreg-ulari es conieCteld into I lie region: I lie data blase for t Ilis paper c'annlot be used to

(oniitit iit hei valjdItV of eit her iiieclia itis"Iil

IN'. CONCLUSION AND FUTURE STUDIES
Our princ ipal lpr(.-rdn w~as to study l ie dianics of I layer irreguIa ril 'v devel( pneni

arid (leca. It Is at VIlayer heights that comtuiicatirolls over tnig (listanice is achievedl arid
It Is at I laYer heights t hat irregrularities prodluce serious el'eei s of Ilalis-io.splieric anid
rellect ed Ill j:railsmiissilrs.

\ca re corncllud(ing cert aiii st idies an ii t in irg oiln tew pogramHs. 'I lie period Sept eni Irr
19 1 I still l(iizsrihjected to, intensive data analYsis. Incoherent scaliter nineasnreriewis of

elect 1111 (jells) 'v. elect ront temipera 1 tre, and (1convect ion veloci ties are bej rig corT11pared to, cm-1
illiat ion ob~servationis. Ionospheric sotundinig anid ini-situ observat ions. 'Thils Is heinig worked
with.].J Foster of MIi llstonie Hill and A.S. Rod(ger of the British Ata rct ic Sniirk-vex: the em phasis
is oI Validation of various intst a ilitl men(chanlisms.

Fromt the presenit sturdyV at auitroral a 11( sri -aucora I latit udes we liel I eve we' hiave shn wli
hat at tiighit high conv\ectivye veloicit ies. p~rimnnari ly F.- V, are correlated wit h irregularity'

4ccu rren ce. III thle a h~enice of high veloci ties i.e. when 1he electric field is low or w hen Ilie
II arang (lisconitinuityv moves tliru thle pathI of observations. there is a dlecrease of irregularity
o(ctcurrenice aridl i ntersity. W\e expect to cornplt'te this work Ii a paper now in an early dIraft
form.

One collab~orat ive st udy of F-layer irregularities with data from 70' West. the ['K and
N(Irthierri Vurope undert aken by J1. Aarorrs withI A .S. Rodger of tie British Antarctic So-
ciet a 11(] I.. hersle 'v of h le 1'n niversit v (7ol lege of W\ales has beeui corn lled . fIlie conci (ept
was to p)lot irregularity* intensity' d urinrg q niet magnet ic( periods art d(Iunring maghnet ic st oi

liver a range of Ilat itutdes. 'Fhe results were presented at an AGCA RI) SvmplosIrItIt Otl liiiio-
spheric St rtictlure arid Variahi lit v ott a G lobal Scale iii MIay. 1 988 anrd ptubllished itt thle NIa v
19S9 ACAAR I)()( RA PH. However tile stud](y Is hei rig broadenied to (develop a model of thle
development (of irregularities as a fuinict ioni (f t lie, ph1ases of lTnagiietic st ormh develOjprlIeriI

I ti thre eqtuat orial region the prnc ipal1 qunest ion Illn I la er dvrtilics t hat is iriresolved is
thle so u rue or trigger of quiet pernid pl uiis I li at J)1r (11)ct deecp fa din r i radlo signals. H ieket
exlperirtteris ((ondor) failed to reveal any* new iniforrriato oni~ (iiith triggering mechiarisin for

he pliumie. N\o study~l was offered to reveal 1 ie ie of t lie (hay to day variationis (if the
eqruatorial V" layer irregularities. W\hile I here are palicr. whichl purprt to link tie (irigiri
of thle patc'h wit hI-' layer arr( tropospheric paramneters rio one-iu-one exp~erimnntlt has even
at liiJpted to deteririnie It( lie necessarY ('onll ons for lthe o~rigin of Iratelies (f Irregullarities.

.1i new way of looking at tie origin (If eqilualorial Imlurrl ., will bie invest igated. I)urin

certain seasons at a particular lonlgitudes o)ilt lieC Tflagilitc e(liat(Ir. bubbles are observed oti
almost anv 1ii0h1. 'I'lli new concept is to assulme hlal i lie conii olls for niighitly development
iof irregiilarit es are prlesetnt arr( all ('vet occurs t hat sjioils tie rnormial (developmntt. -rui

t2



we are 1ikloing ftor ,p )I Iers rall Iier i an ii r Igger,. IiIi It ongt I I ud regnmni frot 1 -7 to 7W) \esi
fo-r exampleI)I InI O(ler and Nlarcli we expect bubbdle,. everY nit . Soniet lit rig "polls tilIls.

Io\evtr atll Ilie 'allne figit ride. bublbles o-r pat dies arethe lc xceptm n dl rarely occur ill

Jill.\ atld A\it~ We know th elect rc field cha nges pro duced bYV I lie- rite' currellt lift I lie

I' iavc electI 14,i (llsit *v peak: sublseqpienrtlY wheni it fall,, burhlles are created. Illris then is a
riggear aniid Ihut bble." are 4 dsenrvuI Thle 4a11I cm ('Of I his Itie\\ a pproachi Is to look for spoilers

(liring season ratatvt all(1 triggers during periods oif low\% activity
I((Jpi('.\ h~ill remuaini1( I ' ac ilresseiI ill equatorial aeronit lin funi re .\ears Iniclud(e

i lle physv ics o)f coup~linig bet ween thli solar w\Ii(d and( t lie equatorial Ionosphere. A set (of

cu , rdliniated olbserva t ionis was taken ili the K w ajelici aniid Wa ke Isl and reg-iOn Ili A ugust

I 9x'. This series of radlar. opt ical . anrd radlio mueasurrennieits pS Iw someC satellitec rco(rdings will
be -I udlied jiniarilY to, (leeni if uniquec circumstances produce triggering (of equatorial

fn d u~(tringa (cr1 an seasonus and~ lpreveit tlie (level4(pmneti tif hubbIesd(uring tdt er seasonis.

Perhaps I lie most interesting area will bI,t( stn 'dv Ihe inC1 tk InIg o if mnagneto(s phleric a id
auiroral paral'eters w~ithI equatorial ('feleet A. st udY of t lie phYsics involved will have Ito

rc\val Ilie- linkage mrechianiism probalv via tOlie ring curret1. littitne illisi ratitti (of the linkage

(if eq na Itr rI a I aId I II glI I at Itl rde effectIs,. we uibserved I nterise sc I It IllI at Ioni l evels atI (Coose

HaSagarurore luill. andi(lie, Argentine Islands (luring a mnagtietic storm anid a cut off of
(1 nit ill atiu (i act vI tY at Iiiinra avo,. Peru and A scension Island. t he equtatori al stat ions. W herr

Ili sorllsubsided oirle ticxt day 'vThere wsstill activity at the hge aiue n

irregulariies r('1trniel to1 I lie equatorial regionl.
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